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S ( 57 ) Abstract: A natural gas liquid plant includes a separator (103) that receives a cooled low pressure feed gas (4), wherein the 
^ separator (103) is coupled to an absorber (108) and a demethanizer (1 10). Refrigeration duty of the absorber (108) and demethanizer 
(1 10) are provided at least in part by expansion of a liquid portion of the cooled low pressure feed gas (4) and an expansion of a liquid 
Q absorber bottom product (19), wherein ethane recovery is at least 85 mol% and propane recovery is at least 99 mol%. Contemplated 
^ configurations are especially advantageous as upgrades to existing plants with low pressure feed gas where high ethane recovery is 
^ desirable. 
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LOW PRESSURE NGL PLAJ^TT CONFIGURATIONS 

Field of The Invention 

The field of the invention is natural gas liquids plants, and especially relates to natural 
.gas liquids plants with htigh ethane recovery. 

Background of The Indention 

As ethane recovery becomes increasingly economically attractive^ various 
configurations have been developed to improve thie recovery of ethane from natural gas 
liquids (NGL). Most commonly, numerous processes employ either coolixig of feed gases via 
turbo expansion or a sixbcooled absorption proces s to enhance ethane ancL/or propane 
recovery. 

For example, a typical configuration that employs turbo expansion cooling assisted by 
external propane and ethane refrigeration is shown in Prior Art Figure L . Here, the feed gas 
stream 1 is split into two streams (2 and 3) for chilling. Stream 3 is cooled by the 
demethanizer side reboiler system 1 1 1 to stream 24, while stream 2 is chilled by the cold 
residue gas from separator 106 and demethanizer 1 10 (via streams 13, 18 ' 9 and 38). The two 
streams 2 and 3 are typically chilled to about -102°F, and about 15% of tfcie feed gas volume 
are condensed. The liquid condensate volume is about 3800 GPM (at a typical feed gas flow 
rate of 2 BSCFD supplied at about 600 psig and 68°F with a composition, of typically 1% N 2 , 
0.9% C0 2 , 92.35% C u 4.25% C 2 , 0.95% C 3 , 0.20% iC 4 , 0.25% nC 4 and 0.1% C 5+ ), which is 
fed to the upper section of the demethanizer 1 10 "via lines 8 and 9 and JT valve 104. The 
vapor stream 7 is expanded via expander 105 and the resulting two-phase mixture from line 
12 is separated in sepaxator 106. Over 80% of th.e feed gas are flashed o£f as stream 13 in 
separator 106. Separated liquid 14 is pumped by- pump 107 via line 15 to the demethanizer 
operating typically at 400 psia. The demethanizex produces a residue gas 1 8 that is partially 
depleted of ethane and an NGL product 23 containing the ethane plus components. Side 
reboilers 1 1 1 are used for stripping the methane component from the NCrL (via lines 25-30) 
while providing a source of cooling for the feed gas 3. The demethanizer- overhead vapor 
stream 18 typically at -129°F combines with the flash gas stream 13 from separator 106 and 
fed to the feed exchanger 101 for feed gas cooling (Additional cooling is provided via 
external ethane and propane refrigerants via lines 44 and 45). 
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Unfortunately, such a process is typically limited to 60% ethane recovery and 94% 
propane recovery. Further reduction in demethanizer pressure produces marginal 
improvement in recoveries, which is normally not justified due to the higher cost of the 
residue compression. Moreover, at such conditions, the demethanizer will operate close to the 
CO2 freezing temperature. 

Another known configuration for ethane recovery is a gas subcooled process as shown 
in Prior Art Figure 2, which typically employs two coluxnns, an absorber and a 
demethanizer and a rectifier exchanger to improve the NGL recovery. In a typical design, the 
feed gas is cooled in feed exchanger 101 to -85°F with refrigeration supplied by residue gas 
38, side reboilers stream 25 and stream 27, propane refrigeration 44 and ethane re zfrigeration 
45. Aboiat 5% of the feed gas is separated in separator 1 03, producing 1 100 GPM liquid (with 
feed gas parameters similar or substantially identical as described above) which is further 
letdown in pressure and fed to lower section of absorber L08. Vapor stream 7 from the 
separator is split into two streams that are individually feci to the rectifier exchanger and the 
expander. About 66% of the total flow is expanded via e:xpander 105 and fed to Uie middle 
section of absorber 108 and the remaining 34% is cooled in a rectifier exchanger 309 to - 
1 17°F by the absorber overhead vapor. The exit liquid ftom exchanger 109 is letdown in 
pressure to 390 psia while being cooled to -137°F and rotated to the top of the absorber as 
reflux. The absorber generates a residue gas at -138° and -a bottom intermediate product at - 
• 1 1 8T? tbiat is pumped by pump 112 and fed to the top of <3emethanizer 1 10. The demethanizer 
produces an overhead gas 22 that is routed to the bottom of the absorber and an 1STGL product 
stream 23 containing the ethane plus components. Side re^boilers are used for stripping the 
methane component from the NGL while providing a source of cooling for the feed gas. The 
absorber overhead vapor stream 1 8 typically at -138°F is -used for feed cooling in the rectifier 
exchanger 1 08 and feed exchanger 101. 

However, such configurations are frequently limited to 72% ethane recovery and 94% 
propane recovery. Similar to the previous known configurations of Prior Art Figuore 1, further 
reduction in demethanizer pressure produces marginal bexiefit in recoveries, whicli is 
normally not justified due to the higher residue compression requirement. 

Thus, although various configurations and methocis for relatively high ethane 
recovery from natural gas liquids are known in the art, alL or almost all of them staffer from 
one or more disadvantages. Therefore, there is still a neecl for improved configurations and 
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methods for high ethane recovery, and especially wl*ere the feed gas has a relatively low 
pressure. 

Summary of the Invention 

The present invention, is directed to natural gas liquid (NGL) plants in which 
refrigeration duty of an absorber and a demethanizer are provided at least in p^art by 
expansion of a liquid portion of a cooled low pressur-e feed gas and further expansion of a . 
portion of a vapor portion of a cooled low pressure feed gas via turboexpansion. 

In one aspect of the inventive subject matter, a natural gas liquid plant has a separator 
that receives a cooled low pressure feed gas and is fondly coupled to an absorfcer and a 
demethanizer, wherein refrigeration duty of the absorrber and demethanizer are provided at 
least in part by expansion of a. liquid portion of the cooled low pressure feed g-as, further 
turboexpansion of a vapor portion of the cooled low ^pressure feed gas, ethane and propane 
refrigeration, and heat recovery exchange with residme gas and column side re~boilers. 

It is contemplated that the cooled low pressur-e feed gas in such contemplated plants 
has been cooled by a cooler that employs an expandesd liquid portion of the cooled low 
pressure feed gas as a refrigerant. Furthermore, it is ^preferred that the absorber produces an 
absorber bottom product that is pumped and fed to tt*.e demethanizer as cold lean reflux. In 
yet other aspects of such configurations, the separator separates a vapor portiom from the 
cooled low pressure feed gas, and a first part of the vapor portion is further cooled and 
introduced into the absorber, ^vhile a second part of tlie vapor portion is expanded and copied 
in a turboexpander. 

In another aspect of th.e inventive subject matter, a natural gas liquid pi ant may 
include a separator that separates a cooled low pressutre feed gas into a liquid portion and a 
vapor portion, wherein the liquid portion is reduced ixi pressure in a first pressure reduction 
device, thereby providing refrigeration for a first cooler that cools a low pressure feed gas to 
form the cooled low pressure feed gas, wherein at lea_st part of the vapor portion is cooled in a 
second cooler and reduced in pressure in a second pressure reduction device before entering 
an absorber as lean absorber reflux, and wherein the absorber produces an absorber overhead 
product that provides refrigeration for the second cooJer, and wherein the absoxber produces 
an absorber bottoms product that is fed into a demethanizer as a lean demethanizer reflux. 
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Especially contemplated low pressure feed gas has a pressure of about 400 psig to 
about 700 psig, and a portion of the low pressure feed may be cooled in a plurality of side 
reboilers that are thermally coupled to the demethanizer. In preferred configurations, the first 
pressure reduction device may comprise a hydraulic turbine, and the second pressure 
reduction device may comprises a Joule-Thompson valve. 

In yet other aspects, it is contemplated that the liquid portion that is reduced in 
pressure is fed into the demethanizer, and/or part of the vapor portion is expanded in a 
turboexpander and fed into a second separator tittat produces a liquid that is employed as a 
lean demethanizer reflux and a vapor that is fed into the absorber. 

In a further aspect of the inventive subjeot matter, a natural gas liquid plant may 
include a primary and secondary cooler that cool a low pressure feed gas, and a separator that 
separates the cooled low pressure feed gas in a liquid portion and a vapor portion. In such 
configurations, a first pressure reduction device reduces pressure of the liqxiid portion, 
thereby providing refrigeration for the secondary- cooler, a third cooler cools at least part of 
the vapor portion, wherein the cooled vapor portion is expanded in a pressure reduction 
device, and an absorber receives the cooled and expanded vapor portion aixd produces an 
overhead product that provides refrigeration for the third cooler and a bottom product that is 
employed as a reflux in. a demethanizer. 

It is especially contemplated that ethane recovery in contemplated configurations is at 
least 85 mol% and propane recovery is at least 9 9 mol%, and it is further contemplated that 
the first and second coolers and the absorber may be installed as an upgrade to an existing 
plant 

Various objects, features, aspects and advantages of the present indention will become 
more apparent from the following detailed description of preferred embodiments of the 
invention, along with thie accompanying drawings in which like numerals represent like 
components. 

Brief Description of The Drawing 

Figure 1 is a prior art schematic of akno-wn NGL plant configuration using propane 
and ethane refrigeration and a turboexpander. 
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Figure 2 is a prior art schematic of a known NGL plant configuration using & 
subcooled process including an absorber and a demethanizer. 

Figure 3 is schematic of an NGL plant configuration according to the inventive 
subject matter- 
Figure 4 is a heat composite curve for the feed exchangers 101 and 102 of FLgure 3. 
Figure 5 is a heat composite curve for the side reboilers 111 of Figure 3. 

Detailed Description 

Currently known NGL recovery configurations typically require a relatively Jbdgh feed 
gas pressure or feed gas compression where the feed gas pressure is relatively low (especially 
where higti ethane and propane recovery is desired) to generate sufficient cooling that is at 
least in part provided by a tuibo expander. 

Viewed from another perspective, when known NGL plants are operated witti 
relatively low feed gas pressure without pre-compression, tbte refrigeration produced by 
turbo-expansion is limited due to the low expansion ratio across the expander. Where cooling 
via turbo expander is not sufficient, additional cooling can be supplied by external pr-opane 
and/or ethasie refrigeration. However, even if ethane refrigeration is employed, the coolant 
temperature is typically limited to -85°F, which typically limits the ethane recovery l«vel. 
Consequently, in a typical low feed pressure operation of known NGL plants, the ethane 
recovery is frequently limited to about 60 mol% to 72 mol% . 

The inventor now surprisingly discovered that high ethane and propane recoveries can 
be achieved, at low feed gas pressure in configurations in which refrigeration is internally 
generated from expansion of the liquids with the use of one or more hydraulic turbines and 
additional heat exchangers. The term "low pressure feed gas' * as used herein refers to a 
pressure that is at or below about 1 1 00 psig, and more typically between about 400 psig and 
700 psig, aixd even less. As also used herein, the term "about" when used in conjunction with 
numeric values refers to an absolute deviation of less than or equal to. 10% of the nuiaeric 
value, unless otherwise stated. Therefore, for example, the term "about 10 mol%" incLudes a 
range from 9 mol% (inclusive) to 1 1 mol% (inclusive). 
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As still further used herein, and with respect to a demethanizer or absojrber, the terms 
"upper" and "lower" should be understood as relatrve to each other. For example, withdrawal 
or addition of a stream from an "upper" portion of a demethanizer or absorber means that the 
withdrawal or addition is at a higher position (relative to the ground when the demethanizer 
or absorber is in operation) than a stream withdrawal from a "lower" region thereof. Viewed 
from another perspective, the term "upper" may thus refer to the upper half of demethanizer 
or absoiber, whereas the term "lower" may refer to the lower half of a demethanizer or 
absorber. Similarly, where the term "middle" is use?d, it is to be understood thai: a "middle" 
portion of the demethanizer or absorber is intermediate to an "upper" portion aaid a "lower" 
1 portion. However, where "upper", "middle", and "lower" are used to refer to a <iemethanizer 
or absorber, it should not be understood that such column is strictly divided into thirds by 
these terms. 

In particularly preferred configurations, a heat exchanger provides a portion of the 
feed gas cooling duty and condenses a majority of the ethane components prioir to turbo- 
ocpansion. As a result, the separated vapor used for* the rectifier condenser in tlae 
demethanizer is a lean gas consisting of over 95% methane. Thus, by using a lean reflux on 
the demethanizer overhead, high ethane recovery can be realized even at a low feed pressure. 

In one especially contemplated aspect of the inventive subject matter and as depicted 
in. Figure 3, a feed gas stream 1 (at a flow rate of 2 BSCFD supplied at about 600 psig and 
68°F; Composition is typically 1% N 2 > 0.9% C0 2 , 92.35% Ci, 4.25% C 2 , 0.95^o C 3 , 0.20% 
iC4, 0.25% nC4 and 0.1% Cs+) is cooled in the feed gas cooler 1 12 (by stream 35 ) to stream 
41 to 54°F with the refrigeration supplied by the reboiler duty in the demethanizer 110. 
Stream 41 is split into two streams 2 and 3 for further cooling. About 14% is split to stream 3 
which is cooled by the demethanizer side reboiler system 1 11 to -102°F. The remaining 
portion constituting stream 2 is chilled in cooler 101 to stream 6 at -75 °F by th_e stream 38 
(outlet from rectifier exchanger 109), propane refrigeration 44 and ethane refrigeration 45. In 
order to achieve particularly effective low feed chilling temperature, a close apjproach reboiler 
system 111 (typically comprising five side reboilers with streams 25-34) are required. 

A secondary exchanger 102 further refrigerates stream 6 to stream 4 to — 108°F with 
refrigeration supplied by stream 9 after being expaixded via hydraulic turbine 1 04. Stream 4 is 
combined with stream 24 from the side reboilers of the side reboiler system 1 1 1 to form 
stream 5 at -108°F. At this point, about 25% of the feed gas volume are conden_sed and about 
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25% of the methane and 85% of the ethane plus components are condensed in the liquid 
phase. A separator 103 separates a liquid condensate from a vapor. The liquid condensate 
(stream 8) volume is about 6600 GPM, which is letdown in pressure in hydraulic turbine 104 
generating shaft horsepower while chilling the condensate from -108°F to -133°F. The cold 
expanded liquid stream 9 is used to cool the feed gas in the secondary exchanger 102. The 
heated liquid from exchanger 102 (stream 10) is routed to the upper section of the 
demethanizer for stripping the methane components. 

Separated vapor slream 7, a lean gas consisting of over 96% metnane, is split into two 
streams. About 60% of the total flow (stream 1 1) are expanded via expander 105 to 345 psia, 
and the resulting two-phase mixture in line 12 is separated in separator 1 06. Liquid stream 14 
from separator 106 is pumped to the top of the demethanizer 1 10 via stream 15, while vapor 
stream 13 from separator 106 is combined with the demethanizer overhead stream 22 to form 
stream 17 and fed to the bottom of absorber 108. The remaining 40% of tlie total flow (stream 
10) is cooled in rectifier exchanger 109 to -122°F by the absorber overhead vapor. The exit 
liquid stream 36 from exchanger 109 is letdown, in pressure via JT valve 1 15 to 340 psia 
while being cooled to - 140°F and routed to the top of the absorber as reflux. The absorber 
generates a residue gas stream 18 at -150° and a. bottom intermediate product stream 19 at - 
145°F that is pumped by pump 1 12 and fed to ttae top of demethanizer 1 1 O via line 20 and 21. 
The demethanizer produces an overhead gas 22 that is routed to the bottom of the absorber 
and an NGL product stream 23 containing the ethane plus components. Side reboilers are 
used for stripping the methane component from the NGL while providing; a source of cooling 
for the feed gas. The absorber overhead vapor stream 18 typically at -150°F is used for feed 
cooling in the rectifier exchanger 109 and feed exchanger 101 (via streams 1 8, 28, and 39, 
before recompression in expander compressor 1 ©5 and residue gas compressor 120 and 
leaving the plant via lines 40, 42, and 43). 

Such configurations have been calculated (data not shown) to improve ethane 
recovery from 72% to 94% and propane recovery from 94% to 99% as compared to a 
conventional gas subcooled process. While not wishing to be bound by any particular theory 
or hypothesis, it is contemplated that at least part of the large improvements in ethane and 
propane recoveries may be attributed to the deep chilling in the secondary exchanger 102 that 
separates most of the ethane components and provides a very lean gas (i.e ., con tainin g at least 
95 mol% methane) for refluxing in the rectifier exchanger. A further contributing factor may 
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be provided by ttte highly effective drilling system provided by multiple side reboilers from 
the demethanizer that can cool the feed gas to a very low temperature. 

The heat composite curve for the feed exchanger (here exchangers 101 and 102) is 
shown in Figure 4, and the heat composite curve for the side reboilers is shown in Figure 5. 
As can be seen from these curves, close temperature approaches are designed into the system 
resulting in a higfcdy efficient process. 

With respect to the feed gas it should be recognized that configurations according to 
the inventive subj ect matter are not limited to a particular feed gas composition and pressure, 
and that the feed gas composition and pressure may vary substantially. However, it is 
generally contemplated that suitable feed gases particularly include natural gas liquids and 
especially those with a pressure between about 100 psig to about 1 1O0 psig, more typically 
with a pressure between about 300 psig to about 1 000 psig, and most typically with a 
pressure between about 400 psig to about 700 psig. Furthermore, it is generally preferred that 
the feed gas is at least partially dehydrated using molecular sieves and/or glycol dehydration. 

Cooling of the feed gas is preferably achieved with the refrigeration duty supplied at 
least in part by the demethanizer reboiler, and further cooling is provided by the reboiler 
system for a first portion of the feed gas and by the feed gas coolers for a second portion of 
the feed gas. While the side reboilers typically cool between about 5-30 %vol of the feed gas 
and the feed gas coolers typically cool betrween about 70-95 %vol of the feed gas, it should be 
appreciated that the exact proportions may vary and will typically depend (among other 
parameters) on the composition of the feed gas, pressure of the feed gas and the temperature 
of the feed gas after a first cooling step. Of course it should be recognized that the first feed 
gas cooler (101) may receive internal or external ethane and/or propane refrigerant and/or 
still further receive refrigeration provided "by the absorber overhead product (residue gas). 

The secondary heat exchanger will provide cooling derived from the depressurization 
of the liquid portion of the cooled feed gas. Consequently, it should be recognized that the 
cooling duty will at least in part depend orx the pressure differential across the first pressure 
reduction device. Thus, it is generally preferred that the pressure differential across the first 
pressure reduction device is at least between about 1 50 psig and aboiat 400 psig, and more 
preferably between about 200 psig and about 300 psig. While it is generally contemplated 
that numerous pressure reduction devices imay be employed for pressxire reduction, it is 
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typically preferred that the pressure reduction device comprises a hydraulic turbine, wbiich 
may provide work (e.g., generate electricity) to recover at least some of the expansion energy. 
However, where appropriate, alternative pressure reduction devices may also be suitable and 
include JT values or expansion vessels. Consequently, and particularly depending on thxe 
pressure differential and pressure reduction device, the temperature drop of the liquid portion 
is typically between about - 14 degrees Fahrenheit and about -40 degrees Fahrenheit, aixd most 
typically between about -19 degrees Fahrenheit and about -29 degrees Fahrenheit. 

It should be especially appreciated that in such configurations between about 15 %vol 
and about 35 <M>vol, and most typically about 25 %vol, of the feed gas volume are condensed 
after the secondary feed gas cooler, wherein the liquid phase typically includes about 2:5% of 
the methane and about 85% of the ethane and heavier components. Thus, the vapor portion of 
the cooled feed gas will typically comprise at least 85%, more: typically at least 90%, and 
most typically at least 96% methane, winch may advantageously be employed as cool and 
lean reflux for the absorber. A typical composition of the lean, reflux will generally include no 
more than about 13% ethane and higher components, more typically no more than abouxt 8% 
ethane and higher components, and most typically no more than about 2% ethane and bmigher 
components 

In such configurations, it is especially preferred that at a first portion (typically 
between about 30% and 50%, and most typically about 40%) of the vapor portion from, the 
separator is cooled in a rectifier exclianger and still further cooled via a second pressure 
reduction device before entering the absorber (The rectifier ex:changer will provide cooling 
via the absorber overhead product). Similarly to the first pressure reduction device described 
above, the nature of the second pressure reduction device may vary. However, it is generally 
preferred that Hie second pressure reduction device is a JT vabve or a turbine. It is further 
contemplated that a second portion of the vapor portion from the separator is expanded in a 
turboexpander, wherein the expansion energy may advantageously be utilized for 
recompression, of the residue gas. AJfter expansion in the turbo expander, the partially 
condensed vapor portion is further separated in a separator and the lean vapor phase is fed to 
the absorber while the liquid phase is combined with the absorber bottoms product and fed to 
the top of the demethanizer. 

Thus, it should be recognized that in such configuratioms the demethanizer can t>e 
operated at a relatively high pressure with substantially impnrved ethane recoveries, an<i it is 
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contemplated that a typical dernethanizer pressure is between about 250 psig and about 450 
psig, and more typically between about 320 psig and about 400 psig. Moreover^, due to the . 
relatively high operating pressure of the dernethanizer, potential problems associated with 
carbon dioxide freezing may be reduced, if not entirely avoided. In particularly preferred 
configurations, a closely integrated dernethanizer side reboiler system will generally have at 
least three side reboilers as highly efficient heat and cooling system that is capatble of cooling 
a portion of the feed gas to a very low temperature. 

Consequently, a natural gas liquid plant may include a separator that separates a 
cooled low pressure feed gas into a liquid portion and a vapor portion, wherein the liquid 
portion is reduced in pressure in a first pressure reduction device, thereby providing 
refrigeration for a first cooler that cools a low pressure: feed gas to form the cooled low 
pressure feed gas; wherein at least part of the vapor portion is cooled in a second cooler and 
reduced in pressure in a second pressure reduction device before entering an ab sorber as lean 
absorber reflux; and wherein the absorber produces an absorber overhead produact that 
provides refrigeration for the second cooler, and wherein the absorber produces an absorber 
bottoms product that is fed into a dernethanizer as lean dernethanizer reflux. , 

In such configurations, it is especially preferred that the low pressure feed gas has a 
pressure of about 400 psig to about 700 psig, and that a portion of the low pressure feed is 
cooled in a plurality of side reboilers that are thermally coupled to the dernethanizer. With 
respect to the first pressure reduction device it is generally contemplated that a Dhydraulic 
turbine reduces the pressure (and produces work), and that the second pressure reduction 
device comprises a Joule-Thompson valve to provide effective cooling. It shouLd further be 
recognized that in such configurations the liquid portion that is reduced in pressure is fed into 
the dernethanizer, and that at least part of the vapor portion is expanded in a turboexpander 
and fed into a second separator that produces a liquid "that is employed as a lean, dernethanizer 
reflux and a vapor that is fed into the absorber. 

Viewed from another perspective, contemplated natural gas liquid plants may include 

i 

a primary and secondary cooler that cool a low pressuxe feed gas, and a separator that 
separates the cooled low pressure feed gas into a liquid portion and a vapor portion.- In such 
configurations, a first pressure reduction device will reduce the pressure of the liquid portion, 
thereby providing refrigeration, for the secondary cooler, and a third cooler cooL s at least part 
of the vapor portion, wherein the cooled vapor portion, is expanded in a pressure reduction 
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device. An absorber receives the cooled and expanded vapor portion and produces an 
overhead product that provides refrigeration for the third cooler and a bottom product that ds 
fed to a demethanizer as lean reflux. As abready discussed above, such configurations lend 
themselves particularly useful where the" feed gas is a low pressure feed gas, typically at a 
pressure of less than about 1 100 psig, and more typically at a pressure between about 400 
psig and 700 psig. With respect to the pressure reduction devices, "the plurality of side 
reboilers, and the trurboexpander, the same considerations as discussed above apply. 
Furthermore, it should be appreciated that the primary cooler may employ external ethane 
and/or external propane as additional refrigerants, and similar to thie configurations described 
above, the absorber overhead product may act as a refrigerant in a heat exchanger that cools 
lean absorber reflu^c. 

Viewed from still another perspective, a natural gas liquid jplant may comprise a 
separator that receives a cooled low pressure feed gas and that is floridly coupled to an 
absorber and a demethanizer, wherein the refrigeration duty of the absorber and demethanizer 
is provided at least in part by expansion of a liquid portion of the cooled low pressure feed 
gas and an expansion of a vapor portion using a device other than a turboexpander (howeve^r, 
a turboexpander may also be included). In such configurations, it is especially preferred tha_t 
the cooled low pressure feed gas has been cooled by a cooler that employs an expanded liqLoid 
portion of the cooled low pressure feed gas as refrigerant. Furthermore, it is generally 
preferred that the absorber produces an absorber bottom product th_at is fed into the 
demethanizer as lean reflux. The separator in such configurations separates a vapor portion 
from the cooled low pressure feed gas, wherein a first part of the vapor portion is cooled an<I 
introduced into the absorber, and/or wherein a second part of the vapor portion is expanded 
and cooled in a turboexpander. 

Therefore, it should be recognized that the ethane recovery in contemplated systems 
and configurations Avill generally be greater than 85% when proces sing a low pressure feed 
gas, and that such systems and configurations are particularly suited for retrofitting into an 
existing plant to increase throughput and NGL recovery. It should be particularly appreciated 
that the increase in throughput and NGL recovery can be achieved -^thout re-wheeling the 
expander since a portion of the feed gas is bypassed around the expander to a rectifier 
exchanger that is used to produce a liquid for refluxing the demethanizer. In this aspect, most 
equipment in an existing plant can be reused without substantial modifications and the 
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inventor contemplates that the recovery improvement requires addition of a few pieces of 
equipment and in many cases, the increase in NGL recovery may pay off the installation cost 
in less than 3 years. 

Thus, specific embodiments and applications of low pressure NGL planet 
configurations have been disclosed. It should be apparent, however, to those skdlled in the art 
that many more modifications "besides those already described are possible wittiout departing 
from titxe inventive concepts hexein. The inventive subject matter, therefore, is mot to be 
restricted except in the spirit of the appended claims. Moreover, in interpreting Tsoth the 
specification and the claims, all terms should be interpreted in the broadest possible manner 
consistent with the context In particular, the terms "comprises" and "comprising" should be 
interpreted as referring to elements, components, or steps in a non-exclusive manner, 
indicating that the referenced elements, components, or steps may be present, ox utilized, or 
combined with other elements, components, or steps that are not expressly referenced. 
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A natural gas liquid plant, comprising: 

a separator that separates a cooled low pressure feed gas into a liquid portion and a 
vapor portion, wherein the liquid portion is reduced in pressure in a first 
pressure reduction device, thereby providing refrigeiration for a first cooler that 
cools a low pressure feed gas to form the cooled low pressure feed gas; 

wherein at least part of the vapor portion is cooled in a second cooler and reduced Ln 
pressure in a second pressure reduction device before entering an absorber as 
lean absorber reflux; and 

wherein the absorber produces an absorber overhead product that provides 

refrigeration for the second cooler, and wherein the absorber produces an 
absorber bottoms product that is fed into a demethanizer as lean reflux. 

The natural gas liquid plant of claim 1 wherein the low pressure feed gas has a 
pressure of about 300 psig to about 1 000 psig. 

The natural gas liquid plant of claim 1 wherein a portion of "the low pressure feed is 
cooled in a plurality of side reboilers that are thermally coupled to the demethanizerr. 

The natural gas liquid plant of claim 1 wherein the first pres sure reduction device 
comprises a hydraulic turbine, and wherein the second pressure reduction device 
comprises a Joule-Thompson valve. 

The natural gas liquid plant of claim 1 wherein the liquid portion that is reduced in 
pressure is fed into the demethanizer. 

The natural gas liquid plant of claim 1 wherein part of the vapor portion is expanded 
in a turboexpander and fed into a second separator that produces a liquid that is 
employed as a lean demethanizer refTux and a vapor that is fed into the absorber. 

The natural gas liquid plant of claim 1 wherein ethane recovery is at least 85 mol% 
and propane recovery is at least 99 mol%. 
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8. 
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The natural gas liquid plant of claim 1 wherein the first and second coolers and the 
absorber are installed as an upgrade to an existing plant 



9. A natural gas liquid plant, comprising: 

a primary and secondary cooler that cool a lo^w pressure feed gas, and a. separator that 
separates the cooled low pressure feed gas in a liquid portion aixd a vapor 
portion; 

a first pressure reduction device that reduces ^pressure of the liquid portion, thereby 
providing refrigeration for the secondary cooler; 

a third cooler that cools at least part of the vapor portion, wherein the cooled vapor 
portion is expanded in a pressure reduLction device; and 

an absorber that receives the cooled and expanded vapor portion and produces an 

overhead product that provides refrigeration for the third cooler and a bottom 
product that is employed as reflux in a demethanizer. 

10. The natural gas liquid plant of claim 9 wherein the low pressure feed ga-s is at least 
partially dehydrated and has a pressure of bet-ween about 300 psig and aJbout 1000 
Psig. 

1 1 . The natural gas liquid plant of claim 9 whereLn the first pressure reduction device 
comprises a hydraulic turbine and wherein the second pressure reduction device 
comprises a Joule-TKompson valve. 

. 1 2. The natural gas liquid plant of claim 9 whereixi a portion of the low pres sure feed gas 
is cooled in a plurality of side reboilers that aire thermally coupled to th& 
demethanizer. 

13. The natural gas liquid plant of claim 9 wherein part of the vapor portion is expanded 
in a turboexpander arxd fed into a second separator that produces a liquici that is 
employed as a lean demethanizer reflux and a vapor that is fed into the absorber. 

14. The natural gas liquici plant of claim 9 wherein the primary cooler employs as least 
one of external ethane, external propane, and the absorber overhead product as a 
refrigerant. 
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15. The natural gas liquid plant of olaim 9 wherein ethane recovery is at least 85 moL % 
and propane recovery is at least 99 mol%. 

16. A natuxal gas liquid plant comprising a separator receiving a cooled low pressure feed 
gas and fluidly coupled to an absorber and a demethanizer, wherein refrigeration duty 
of the absorber and demethanizer are provided at least in part by expansion of a liquid 
portion of the cooled low pressure feed gas and an expansion of a vapor portion uasing 
a devioe other than a turboexpander. 

1 7. The natural gas liquid plant of claim 1 6 wherein the cooled low pressure feed gas. has 
been cooled by a cooler that employs an expanded liquid portion of the cooled lo-w 
pressure feed gas as s refrigerant. 

1 8. The natural gas liquid plant of claim 1 6 wherein the absoxber produces an absorber 
bottom, product that is fed to the demethanizer as reflux. 

19. The natural gas liquid plant of claim 1 6 wherein the separator separates a vapor 
portion, from the cooled low pressure feed gas and wherein a first part of the vapo-x 
portion is further cooled via a joule-Thompson valve and introduced into the absorber. 

20. The natural gas liquid plant of claim 1 9 wherein a second part of the vapor portioin is 
expanded and cooled in a turboexpander. 
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AMENDED CLAEVtfS 

[received by the International Bureau on 30 January 2003 (30.01.03)] 

What is claimed is: 

1. A natural gas liquid plant, comprising: 

a separator that separates a cooled low pressure feed gas into a liquid portion and a . 
vapor portion, wherein the liquid portion is reduced in pressure in a first 
pressure reduction device-, thereby providing refrigeration for a first cooler Chat 
cools a low pressure feed gas thereby forming the cooled low pressure feed 
. gas; 

wherein at least part of the vapor portion is cooled in a secoxid cooler and reduced in 
pressure in a second pressure reduction device before entering an absorber a_s 
lean absorber reflux; and 

wherein the absorber produces an absorber overhead product that provides 

refrigeration for the second cooler, and wherein the absorber produces an 
absorber bottoms product that is fed into a demetharuizer as lean reflux. 

2. The natural gas liquid plant of claim 1 wherein the low pressure feed gas has a 
pressure of about 300 psig to about 1000 psig. 

3. The natural gas liquid plant of claim 1 wherein a portion of "the low pressure feed is 
cooled in a plurality of side reboilers that are thermally coupled to the demethanizeir. 

4. The natural gas liquid plant of claim 1 wherein the first pres sure reduction device 
comprises a hydraulic turbine, and wherein the second pressure reduction device 
comprises a Joule-Thompson valve. 

5. The natural gas liquid plant of claim 1 wherein the liquid portion that is reduced in 
pressure is fed into the demethanizer. 

6. The natural gas liquid plant of claim 1 wherein part of the vapor portion is expanded 
in a turbo expander and fed into a second separator that produces a liquid that is 
employed as a lean demethanizer reflux and a vapor that is fed into the absorber. 
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7. The natural gas liquid plant of claim 1 wher-ein ethane recovery is. at least 85 mol% 
and propane recovery is at least 99 mol%. 

8. The natural gas liquid plant of claim 1 wheirein the first and second coolers and the 
absorber are installed as an upgrade to an existing plant. 

9. A natural gas liquid plant, comprising: 

a primary and secondary cooler that cool a low pressure feed gas, and a separator that 
separates the cooled low pressure feed gas in a liquid portion and a vapor 
portion; 

a first pressure reduction device that reduces pressure of the liquid portion and 
thereby provides refrigeration for the secondary cooler; 

a third cooler that cools at least part of the vapor portion, wherein the cooled vapor 
portion is expanded in a pressure reduction device; and 

an absorber that receives the cooled and expanded vapor portion aad produces an 

overhead pxoduct that provides refrigeration for the third co oler and a bottom 
product tha^t is employed as reflux in. a demethanizer. 

10. The natural gas liqnid plant of claim 9 wherein the low pressure feed gas is at least 
partially dehydrat&d and has a pressure of between about 300 psig and about 1000 
psig. 

11. The natural gas liqirid plant of claim 9 wherein the first pressure reduction device 
comprises a hydraulic turbine and wherein the second pressure reduction device 
comprises a Joule-Thompson valve. 

12. The natural gas liqoiid plant of claim 9 wherein a portion of the low pressure feed gas 
is cooled in a plurality of side reboilers that are thermally coupled to the 
demethanizer. 

13 . The natural gas liquid plant of claim 9 wherein part of the vapor poxtion is expanded 
in a turboexpander and fed into a second separator that produces a liquid that is 
employed as a lean, demethanizer reflux and a vapor that is fed into the absorber. 
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14. Th_e natural gas liquid plant of claim 9 wherein the primary cooler employs as least 
one of external ethane, external propane, and the absorber overhead product as a 
refrigerant. 

15. Th_e natural gas liquid plant of claim 9 wherein ethanie recovery is at least 85 :mol% 
and propane recovery is at least 99 mol%. 

16. A natural gas liquid plant th_at comprises a separator* receiving a cooled low pxessure 
feed gas and fluidly coupled, to an absorber and a d&methanizer, wherein refri geration 
duty of the absorber and demethanizer are provided at least in part by expansion of a 
liqxiid portion of the cooled low pressure feed gas and an expansion of a vapor portion 
using a device other than a turbo exp ander . 

17. The natural gas liquid plant of claim 16 wherein the cooled low pressure feed gas has 
been cooled by a cooler that employs an expanded liquid portion of the cooled low 
pressure feed gas as s refrigerant. 

18. The natural gas liquid plant of claim 16 wherein the absorber produces an absorber 
bottom product that is fed to the demethanizer as reflux. 

19. The natural gas liquid plant of claim 16 wherein the separator separates a vapor 
portion from the cooled low pressure feed gas and therein a first part of the v-apor 
portion is further cooled via a joule-Thompson valve and introduced into the absorber. 

20. The natural gas liquid plant of claim 19 wherein a second part of the vapor portion is 
expanded and cooled in a turboexp ander. 
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